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INTRODUCTION
This paper describes the experimental investigation of the vibratlonal behavior of single cylinders exposed to crossflow of water. This work Is part of a progress to develop an understanding of the response of elastic cylinders, both singly and in bundles, to the excitation of transverse liquid flow.
This task was motivated by the occurrence of damaging flow-induced vibrations in heat exchangers, presenting a design problem for these and other components of nuclear reactor installations containing elastic structural elements exposed to fluid flow. This paper will consider only circular cylinders and only exposure to crossflow conditions. While flow parallel to the cylinder axis is known to contribute to the vibration excitation, the influence of crossflow, present under many actual conditions, is regarded to be of principal significance. The experiments have two features, which, in combination, do not appear to have received much attention in the past, not even for single-* Underlined numbers in parentheses designate References at the end of the paper. element tests. These features are (1) use of water rather than airflow excitation,, and {2} use of circular cylinders permitted to vibrate laterally with equal flexibility in all directions. Waterflow excitation was selected because. In most cases, heat exchangers and reactor components of liquid metal fast breeder reactor installations will be exposed to liquid rather than gaseous fluid flow. Compared to air, the use of the much denser water not only increases the absolute magnitude of the excitation, but,, itt addition, can change the relative influence of Che various excitation mechanisms.
The teat results Indicated that the water flow imposed substantial vibration, amplitudes on the test cylinder in both the drag and lift directions, parallel and r.ransverse to the flow velocity, respectively. This justifies the effort of having provided the uniform lateral flexibility feature. The natural frequencies of a test element depend on its mas3, the spring constant of its suspension, and, to a lesser extent, the degree of damping. The effects of water immersion increase the vibrated mass and the damping and, consequently, somewhat reduce the natural frequency from that determined in air. The fundamental natural frequency is characterized by a lateral translational displacement of the test element axis.
FLOW-EXCITATION MECHANISMS
In addition to the fundamental natural frequency, the test element at times was also subjected to a rocking-type motion corresponding to a second mode-type deformation and associated higher frequency (f ). As discussed in Section 5, this rocking-mode frequency was excited in the drag direction at lower than expected flow velocities. In addition, the DC shift of calibrated strain gages was measured to determine drag direction steady-state displacement. 
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